Various suturing material and wound healing process after oral surgery procedure - a review paper by Dimova, Cena et al.
Journal of Hygienic Engineering and Design
95
Review paper
UDC 616.31-089-085.472.2
VARIOUS SUTURING MATERIAL AND WOUND HEALING PROCESS 
AFTER ORAL SURGERY PROCEDURE - A REVIEW PAPER
Cena Dimova1*, Mirjana Popovska2, Biljana Evrosimovska3, Katerina Zlatanovska1, 
Kiro Papakoca1, Mihajlo Petrovski1, Marija Ivanovska - Stojanoska4, Spiro Spasovski5
1Department of Oral and Maxillofacial Surgery and Dental Implantology,
Faculty of Medical Sciences, “Goce Delcev” University, 
Krste Misirkov 10-a, 2000 Stip, Macedonia 
2Faculty of Dentistry, University “Ss. Cyril and Methodius”, 
Mother Teresa 17, 1000 Skopje, Macedonia
3Clinic of Oral Surgery, University Dental Clinical Centre “Sveti Pantelejmon”, 
Vodnjanska 17, 1000 Skopje, Macedonia
4Clinic of Oral Pathology and Periodontology, 
University Dental Clinical Centre “Sveti Panteleimon”, Vodnjanska 17, 1000 Skopje, Macedonia
5PHO “D-r Spasovski”, Hristo Tatarchev 91b, 1000 Skopje, Macedonia
*e-mail: cena.dimova@ugd.edu.mk
Abstract 
The most oral surgical interventions require primary 
wound closure with stitches after previously raised 
mucoperiosteal flap. Different suture materials are 
used for this purpose which are classified upon their 
origin (organic and synthetic) or according to their 
durability in host tissues (absorbable and non-absorb-
able). The aim of the review paper was to emphasize 
the all-important properties of suture material include 
knot safety, stretch capacity, tissue reactivity, and 
wound safety. 
MEDLINE and PubMed databases were explored from 
the 1970 up to 2018 using the keywords in differ-
ent combinations: oral surgery, suture material, flap, 
dental implants, nylon, periodontal, polyglecaprone, 
polytetrafluoroethylene, polyglycolic acid, polylactic 
acid, silk. Normal wound healing after oral surgery pro-
cedures requires multiple finely tuned processes that 
occur in a specific sequence as well as proliferation, 
regeneration and organization (differentiation). The 
final stage of the wound healing process is named the 
contraction phase, which begins following sufficient 
collagen formation in the granular tissue. Traditional-
ly, silk has been the mostly used as suture material for 
oral surgical procedures, with rarely including others 
as: nylon, polyester, cat gut, polytetrafluoroethylene 
(ePTFE), polyglycolic acid (PGA) etc. Surgery with silk 
sutures increases the risk of infections because they 
react with the connective tissue, causing adhesion 
of  dental plaque and bacteria adherence around the 
stitch. On the other hand, a specific form of wound 
healing occurs around placed dental implants. Usually 
the implants are placed directly under or at the same 
level as the bone surface at biphasic dental implant 
procedures. 
In conclusion, besides the carefully used surgical and 
suturing technique, and properly oral hygiene in the 
postoperative period, the choice of suture material 
may also influence the healing of the incised soft tis-
sues. Thus the selection of the suture material should 
be brought under consideration during treatment 
planning for oral surgical interventions, periodontal 
surgery and dental implantation.
Key words: Oral, Surgery, Periodontal, Implants, Flap, Su-
ture, Silk, Nylon. 
1. Introduction
The main goal of soft tissue surgery is primary closure 
of wound flaps, without flaps tension, which will sup-
port optimal wound healing. Oral surgical procedures 
that require flap such as those used with traditional 
oral surgical procedures, surgical periodontal ther-
apy, dental implantation, hard and soft tissue regen-
eration, and the excision of pathologic tissue, require 
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 excellence in manipulation, thorough understanding 
and implementation of the various surgery techniques, 
as well as suturing and the currently available materi-
als to ensure the desired clinical results. The most oral 
surgical interventions require primary wound closure 
with stitches after previously raised mucoperiosteal 
flap. Different suture materials are used for this pur-
pose which are classified upon their origin (organic 
and synthetic) or according to their durability in host 
tissues (absorbable and nonabsorbable) [1]. 
The aim of the review paper was to emphasize the 
all-important properties of suture material include 
knot safety, stretch capacity, tissue reactivity, and 
wound safety. MEDLINE and PubMed databases were 
explored the from 1970 up to 2018 using the keywords 
in different combinations: oral surgery, suture mate-
rial, flap, dental implants, nylon, periodontal, polygle-
caprone, polytetrafluoroethylene, polyglycolic acid 
(PGA), polylactic acid, silk. 
2. Suturing material and wound healing process 
2.1 Historical aspects 
In everyday clinical practice the most oral surgical in-
terventions require primary wound closure using a 
previously raised mucoperiosteal flap. Several suture 
materials are available for dental and medical surgical 
procedures; however, it is essential for surgeons to be 
aware of the nature of the suture material, the biologic 
processes of healing, and the interaction of the suture 
material with the surrounding tissues. 
The technique of closing wounds by means of needle 
and thread is several thousand years old. History of sur-
gical sutures can be traced back to ancient Egypt, and 
the literature of the classical period contains a num-
ber of descriptions of surgical techniques involving 
sutures. Before catgut became the standard surgical 
suture material towards the end of the 19th century, 
many different paths had been followed to find a suit-
able material for sutures and ligatures. Materials that 
had been tried included: gold, silver and steel wire, silk, 
linen, hemp, flax, tree bark, animal and human hair, 
bowstrings, and gut strings from sheep and goats. At 
the beginning of the 19th century metal threads were 
tested as suture material. At that time inertness of a 
material with respect to body tissues was considered 
an advantage. Nevertheless, metal threads had ma-
jor disadvantages: their stiffness rendered knottying 
more difficult and could easily result in knot breakage; 
in addition, suppuration of the wound edges occurred 
frequently. These negative experiences with metal 
contributed to the establishment of silk as the number 
one suture material. A fundamental change in the as-
sessment of suture materials followed the publication 
in 1867 of Lister’s research on the prevention of wound 
suppuration. On the basis of work by Koch and Pas-
teur, Lister concluded that wound suppuration could 
be prevented by disinfecting sutures, dressings, and 
instruments with carbolic acid [2]. 
2.2 Suture material in oral surgery procedures
There are several different suture materials and needles 
that provide an accurate and secure approximation of 
the wound edges. Ideally, the choice of the suture ma-
terial should be based on the biological interaction of 
the materials employed, the tissue configuration, and 
the biomechanical properties of the wound. The tissue 
should be held in apposition until the tensile strength 
of the wound is sufficient to withstand stress. A com-
mon theme of the many reportable investigations is 
that all biomaterials placed within the tissue damage 
the host defenses and invite infection. Because surgical 
needles have a proven role in spreading deadly blood 
borne viral infection, the surgeon must select surgical 
gloves that reduce the risk of accidental injuries during 
surgery [3,4]. 
Important considerations in wound closure are the 
type of suture, the tying technique, and the configu-
ration of the suture loops. Selection of a surgical su-
ture material is based on its biologic interaction with 
the wound and its mechanical performance in vivo and 
in vitro. Measurements of the in vivo degradation of 
sutures separate them into two general classes [5]. Su-
tures that undergo rapid degradation in tissues, losing 
their tensile strength within 60 days, are considered 
absorbable sutures. Those that maintain their tensile 
strength for longer than 60 days are nonabsorbable 
sutures. 
This terminology is somewhat misleading because 
even some nonabsorbable sutures (i.e., silk, cotton and 
nylon) lose some tensile strength during this 60-day in-
terval [7-9]. Traditionally, silk has been the mostly used 
suture material for dental and several other surgical 
procedures. Even though silk is inexpensive and easy 
to handle as compared to other nonabsorbable suture 
materials [3, 4], the authors believe that it should not 
be considered as a “material of choice” for oral surgical 
interventions. Studies on oral tissue reactions to su-
tures have revealed constant inflammatory reactions, 
which are most prominent with silk and cotton and 
minimal with others including: nylon, polyester, ex-
panded tetrafluoroethylene (ePTFE), polyglecaprone 
25 and polyglycolic acid (PGA) [3 - 7]. A histological 
study [8 - 10] compared the oral tissue reactions to var-
ious suturematerials. The results showed the presence 
of a large number of neutrophilic polymorphonuclear 
leukocytes in the premises of silk sutures which were 
less intense in oral tissues farther from silk sutures [9]. 
Dental surgery involves the creation of a wound and 
necessitates closure of this wound to allow healing 
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and to achieve the surgical objective. The primary 
objective of wound closure is to position and secure 
surgical flaps through suturing to promote optimal 
healing. General guidelines for suturing, according to 
Krttzman et al., [11], included these recommendations:
1. Sutures are usually placed distal to the last tooth, in 
each interproximal space, and suturing continued 
in a mesial direction. 
2. Sutures should always be inserted through the 
more mobile tissue flap first. 
3. When space is restricted use a ½ circle needle. 
4. Only needle holders should grasp suture needles 
and the suture needle should be inserted and 
pulled through the issue in line with the circle. 
5. Grab the suture needle in the centre of the needle, 
never at its tip or near where the thread is swag to 
the needle. 
6. The needle should be placed a few millimetres from 
the tip of the needle holder when grasped. 
7. The goal during suturing multiple tissue levels is to 
suture periosteum to periosteum and gingival tis-
sue to gingival tissue. 
8. The needle should enter at right angles to the tis-
sue when penetrating through tissues. 
9. Sutures should be placed no closer than 2mm 
to 3mm from the flap edges to prevent tearing 
through the flap during post-operative swelling. 
10. The flaps should be approximated without blanch-
ing when sutured. 
11. Pull the suture just tight enough to secure the flap 
in place without restricting the flap’s blood supply. 
Krttzman et al., [11], emphasize that when suture is 
done properly, surgical sutures should hold flap edg-
es in apposition until the wound has healed enough 
to withstand normal functional stresses and to resist 
wound reopening. Furthermore, when the proper su-
turing technique is used along with the appropriate 
thread type and diameter, wound margins should be 
tension-free to allow healing by primary intention. 
2.3 Periodontal sutures
Many factors contribute to healthy and adequate post-
operative healing after periodontal surgical interven-
tions. The adequate choice of suture material is one of 
the decisive factors in determining the successful of 
the overall surgical treatment. Surgical improvements 
and progress in periodontology have been achieved 
because of advances in basic and contemporary sci-
ence, animal and clinical research, and the presented 
knowledge from known and recognized specialists 
and clinicians. Medical and pharmaceuticals industry 
companies continue to develop new surgical  materials, 
 improving the quality of sutures and needles and in 
turn, supporting advances in all surgical specialties. 
Closure of periodontal flap post-surgically for the es-
tablishment of primary union between flap margins is 
of utmost importance. That is why, a proper choice of 
surgical suture materials and techniques are most im-
portant for this process of healing. As a basic principle 
in periodontal surgery, atraumatic suture materials are 
used. 
In contrast to other surgical fields in dental medicine, 
periodontal surgical procedures are characterised by 
one distinctive feature caused by the length of the in-
terdental spaces. This condition is dominant present 
between the posterior teeth, when long, large-radi-
us needles are required which can easily be grasped 
again after being introduced into the interdental space 
on the opposite side [10]. Most commonly used in peri-
odontal surgery are non-absorbable materials for su-
tures. They are subdivided in three groups: polymers, 
silks and Teflon (expanded polytetrafluoroethylene). 
All of these materials are used for suturing in periodon-
tal surgical interventions. 
Тendencies in contemporary dentistry and periodon-
tology are directed towards the use of adsorptive su-
ture materials. The advantage of absorbable materials 
is that they are glycolyzed or dissolved, and they are 
broken down with almost no residues by natural met-
abolic processes. If the molecules are hydrophobic, 
their hydrolysis is delayed, and their absorption time 
is lengthened [11]. Absorbable sutures should become 
unavoidable in periodontal and implant surgical inter-
ventions because they reduce postoperative inflam-
mation, there is more patient’s comfort and they are 
available in two forms as natural or synthetic. Back in 
1978 it was discovered that braided silk has a phenom-
enon of “wicking,” making it ideal site for secondary in-
fection. Furthermore, this type of suture material can 
cause the maximum amount of inflammatory tissue 
response [3]. 
From the result from one study [12], it can be noted 
that the healing after 1 week was better in the site 
where isoamyl 2-cyanoacrylate is applied compared 
to the sutured site. Similarly, isoamyl 2-cyanoacrylate 
was found to be better when plaque index was con-
sidered as compared to sutured site after 1 week [12]. 
The absence of dental plaque is of exceptional impor-
tance in the process of healing surgical wounds and in 
the very process of initiation and progression of peri-
odontal disease. The antibacterial sutures can be used 
to reduce or inhibit plaque formation. The antibacterial 
coated sutures have a promising potential in prevent-
ing the colonization of periodontal pathogens around 
it thereby inhibiting biofilm formation. Among coated 
sutures, chlorhexidine-coated sutures showed better 
results [13]. 
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The study made by Khiste et al., [14], demonstrated 
that the 4-0 sutures were stronger and had greater 
tensile strength than the 5-0 sutures for all of the three 
materials. Among the 4-0 sutures, PGA showed the 
highest tensile strength at the end of day 10 and is a 
desirable suture if tensile strength is required after 10 
days. All of the sutures lost their tensile strength by day 
14. According to Kulkarni et al., [15], periodontal flaps 
healed by primary union when closed with sutures and 
with N-butyl cyanoacrylate and clinically and histolog-
ically, the cyanoacrylate sites appeared less inflamed 
as compared to the just sutured sites at 7 days. 
Manimegalai, [16], published a study in which he an-
alyzed the efficacy of a commercial fibrin adhesive 
(Tisseel®) vis-à-vis silk suture on a wound closure fol-
lowing periodontal surgical procedures. According to 
the same research fibrin adhesive material has ideal 
bio-adhesive qualities for fixing of flaps and is easier 
and quicker to use. Fibrin adhesive suture materials 
lessens the surgical time considerably and provides 
early hemostasis. Hence, this type of suture materials 
according to Manimegalai, [16], could be considered as 
a predictable technique for periodontal regeneration. 
Suturing, as final procedure of a periodontal surgery, is 
used to reattach the removed tissue, and also to con-
trol bleeding and to allow adequate primary healing. 
But it must be noted that sutures can cause inflam-
mation around themselves and also accumulate food 
and plaque. The use of synthetic absorbable sutures, 
suture selection in periodontology should be predi-
cated upon the demands of the repair process and the 
surgeon’s preference, knowledge and experience. 
2.4 Sutures in dental implantology
Non-tensional primary closure is essential for implant 
success, both for the implant and for any site requir-
ing a bone graft, but several flap designs can facilitate 
surgical wound healing with minimal complications, 
which is very important. In order to obtain optimal se-
curing and positioning of implant-surgical flaps to pro-
vide ideal conditions for wound healing, practitioners 
must understand three areas of suturing: types of su-
tures, suturing techniques, and surgical knotting tech-
niques [17]. According to Silverstein, it is most import-
ant that the clinician select the specific suture thread 
and diameter of them based on the thickness of the 
tissues to be sutured and whether tension-free mobile 
tissues are present or absent [18]. 
In dental implantology, atraumatic wound handling 
avoids tension and pressure to the flap that may lead to 
impaired blood flow and interrupted lymph drainage. 
When graft materials or membranes are used, it is sen-
sible to place relieving incisions at least at one tooth, 
proximal to the area of augmentation [19]. Non-re-
sorbable suture materials are elastic, which helps in 
securing knotting. But more important is that draws 
fluids and bacteria to the wound site. Braided strands 
of polyester fibers can be coated with a lubricant to fa-
cilitate passage through tissue, although this certainly 
diminishes the capacity of the knot to stay tied [20]. 
Silk no-resorbable sutures are the most widely used in 
dental implantology in our country. Silk is strong, work-
able and not irritating to the tissues, and it has a great 
tensile strength. The raw material is obtained from the 
silkworm cocoon and is manufactured into braided 
and twisted ligatures. The braided type is the stron-
ger and more popular material, especially by the clini-
cian. Silk ligature material is supplied in spools of 25 or 
100 yards and in precut lengths in paper envelopes. It 
comes in sizes 000000 through 5 [21]. But it must be 
noted that resorbable suture materials are also widely 
used in dental implantology. Primary, because resorb-
able suture materials tend to reduce postoperative in-
flammation. Also, patients prefer them because they 
do not require a return visit for suture removal [18]. 
In one study design by Pons-Vincente et al., [22] a 
comparison of the usage of two different suture ma-
terials, silk vs. Teflon-coated, multi-filament braided 
polyester threads suture is done. The results showed 
a more pronounced plaque accumulation for silk su-
tures. The intraoperative handling of the silk sutures 
was less comfortable, and the patient comfort was 
worse than Teflon-coated polyester suture. According 
to Ivanoff and Widmark, [23], sutures may influence 
early peri-implant healing if filaments are left near the 
bone-implant interface. Further investigations are re-
quired to determine the influence of a broader number 
of sutures materials on peri-implant bone healing. 
Numerous studies showed that absorbable sutures, 
because of their metabolism that includes enzymatic 
digestion and phagocytosis, may cause a greater de-
gree of inflammation in contrast to non-absorbable 
materials that produce only a blind inflammatory re-
sponse [24, 25]. But in one study published by Selvi 
et al., [26], no significant difference was observed be-
tween the absorbable and non-absorbable materials. 
2.5 Suturing material and prosthodontics
Wound closure or suturing is one of the most import-
ant clinical steps for successful implantation. In order 
to ensure a perfect closure of the wound and to pre-
vent the penetration of the infection, which will have 
bad prognosis on the final prosthodontic rehabilita-
tion, it is of crucial importance to evaluate the various 
suture materials and techniques. 
Numerous factors have an impact on the early peri-im-
plant osseous healing prior finalizing the prosthetic 
procedures. Peri-implant tissue complications can 
occur as a result of the presence of foreign materials 
 residues, such as cement or suture materials. 
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Determining the influence of the suture material on 
the peri-implant tissue healing is critical to ensure min-
imal treatment delays and adequate continuity of care 
while allowing for adequate healing to produce opti-
mal functional and esthetic results from prosthodontic 
rehabilitation. 
The selection of the suture material has an impact 
on the final outcome of implant procedures [23]. The 
perfect suture material should secure uncomplicated 
primary wound closure without having any negative 
consequences on the outcome. Taking into consider-
ation that the oral cavity is a site rich in bacteria, it is 
necessary that the materials we choose cause minimal 
inflammatory reactions [27]. Sometimes, suture mate-
rial can provide accumulation and bacteria transport 
to the depth of the wound which will negatively effect 
on the host defense mechanism. The result from this 
interaction could be local infection followed by acute 
inflammatory reaction [8]. Suture materials are either 
resorbable or no resorbable. According to their physi-
cal characteristics suture materials are mono- and mul-
tifilamentous or braided [28]. Braided sutures possess 
some advantages over monofilament, such as easier 
manipulation and greater stability of the knot, but they 
still have a much greater potential for transmitting in-
fections [29]. The most commonly used no resorbable 
suture material is nylon. Nylon sutures can be both 
monofilamentous and braided. Nylon sutures are syn-
thetic polyamide polymer fibers that are biocompati-
ble and present low inflammatory response in infected 
wounds [30]. 
The most commonly used resorbable suture material is 
chitosan which is obtained by deacetylation of chitin (a 
poly-N-acetyl glucosamine). Chitosan sutures are usu-
ally monofilamentous and possess antibacterial and 
anti-inflammatory characteristics, also improve wound 
healing and bone formation [31]. 
There are few data in the literature for the suture ma-
terial influence on the preimplant osseous healing. 
Some studies suggest that bone resorption and in-
flammation can be modify by suture materials and that 
various materials may have different effects on these 
processes. In the same study is concluded that no re-
sorbable suture materials decrease implant retention 
more than resorbable suture materials, which is a re-
sult of increased bone resorption [32]. 
3. Conclusions 
- This article should provide some aspects for under-
standing of suturing materials in different surgical 
fields in dentistry. 
-  The evolution and recent innovations in suturing 
material have eliminated some of the difficulties pre-
viously encountered during surgical closure, and have 
presented dentists with advancements in sutures de-
signed for specific surgical procedures. 
- With the sophisticated surgical procedures used daily, 
there is a greater need for knowledge with regard to 
the various types of suturing armamentarium available 
to assist in obtaining optimal wound closure.
Acknowledgement 
This work is financed and supported by “Goce Delcev” 
University, Stip, Macedonia. 
4. References
[1] Fawad J., Mansour A. A., Khalid A., Georgios E. R., and 
Khalid Al-H. (2012). Tissue Reactions to Various Suture-
Materials Used in Oral Surgical Interventions.
DOI:10.5402/2012/762095. 
[2] Okamoto T., Rosini K. S., Miyahara G. I., Gabrielli M. F. 
(1994). Healing process of the gingival mucosa and dental 
alveolus following tooth extraction and suture with poly-
glycolic acid and polyglactin 910 threads. Comparative 
histomorphologic study in rats. Brazilian dental journal, 
5, (1) pp. 35-43. 
[3] Macht S. D., Krizek T. J. (1978). Sutures and suturing: Cur-
rent concepts. Journal of Oral Surgery, 36, (9), pp. 710-712. 
[4] Reul G. J. (1977). Use of vicryl (polyglactin 910) sutures in 
general surgical and cardiothoracic procedures. Ameri-
can Journal of Surgery, 134, (2) pp. 297-299. 
[5] Lilly G. E., Armstrong J. H., Salem J. E., Cutcher J. L. 
(1968). Reaction of oral tissues to suture materials. Part II. 
Oral Surgery, Oral Medicine, Oral Pathology, 26, (4), pp. 
592-599. 
[6] Vastardis S., Yukna R. A. (2003). Gingival/soft tissue ab-
scess following subepithelial connective tissue graft for 
root coverage: Report of three cases. Journal of Periodon-
tology, 74, (11), pp. 1676-1681. 
[7] Lilly G. E., Salem J. E., Armstrong J. H., Cutcher J. L. 
(1969). Reaction of oral tissues to suture materials. Part III. 
Oral Surgery, Oral Medicine, Oral Pathology, 28, (3), pp. 
432-438. 
[8] Selvig K. A., Biagiotti G. R., Leknes K. N., Wikesjo U. M. E. 
(1998). Oral tissue reactions to suture materials. Interna-
tional Journal of Periodontics and Restorative Dentistry, 
18, (50), pp. 475-487. 
[9] Meyle J. (2006). Suture Materials and Suture Techniques. 
Perio, 3, (4), pp. 253-268. 
[10] Kurtzman G. M., Silverstein L. H., Shatz P. C.,  Kurtzman 
D. (2010). Suturing for Surgical Success. Dentistry, 2, 3, 
pp. 1-3. 
[11] Hassan H. K. (2017). Dental Suturing Materials and Tech-
niques. Glob. J. Oto., 12, (2), pp. 555833. 
[12] Khurana J. V., Mali A. M., Mali R. S., Chaudhari A. U. (2016). 
Comparative evaluation of healing after periodontal flap 
surgery using isoamyl 2-cyanoacrylate (bioadhesive 
 material) and silk sutures: A split-mouth clinical study. J. 
Indian Soc. Periodontol., 20, (4), pp. 417-422. 
Journal of Hygienic Engineering and Design
100
[13] Sethi K. S., Karde P. A., Joshi C. P. (2016). Comparative 
evaluation of sutures coated with triclosan and chlorhexi-
dine for oral biofilm inhibition potential and antimicrobial 
activity against periodontal pathogens: An in vitro study. 
Indian J. Dent. Res., 27, pp. 535-539. 
[14] Khiste S. V., Ranganath V., Nichani A. S. (2013). Evalua-
tion of tensile strength of surgical synthetic absorbable 
suture materials: An in vitro study. J. Periodontal Implant 
Sci., 43, (3), pp.130-135. 
[15] Kulkarni S., Dodwad V., Chava V. (2007). Healing of peri-
odontal flaps when closed with silk sutures and N-butyl 
cyanoacrylate: A clinical and histological study. Indian J. 
Dent. Res., 18, pp. 72-77. 
[16] Manimegalai A. G. (2010). A comparative study on the 
efficacy of a commercial fibrin adhesive (Tisseel) vis-à-
vis silk suture on wound closure following periodontal 
surgical procedures. J. Indian Soc. Periodontol., 14, (4), 
pp.231-235. 
[17] Silverstein L. H., Kurtzman G. M. (2005). A review of den-
tal suturing for optimal soft-tissue management. Com-
pendium of Continuing Education in Dentistry, 26, (3), 
163166, pp.169-170. 
[18] Silverstein L. H. (1999). Principles of Dental Suturing: The 
Complete Guide to Surgical Closure. Montage Media, 
Mahwah, USA. 
[19] Cranin A. N. (2002). Implant surgery: The management of 
soft tissues. J. Oral Implantol., 28, pp. 230-237. 
[20] Gabrielli F., Potenza C., Puddu P., Sera F., Masini C., Abeni 
D. (2001). Suture materials and other factors associated 
with tissue reactivity, infection, and wound dehiscence 
among plastic surgery outpatients. Plastic and Recon-
structive Surgery, 107, (1), pp. 38-45. 
[21] Linkow L. I. (1970). Theories and techniques of oral im-
plantology (Vol. 1). C. V. Mosby, Saint Louse, USA. 
[22] Pons‐Vicente O., and López‐Jiménez L. and Sánchez‐
Garcés M. A., Sala‐Pérez, S., Gay‐Escoda C. (2011). A 
comparative study between two different suture materials 
in oral implantology. Clinical Oral Implants Research, 22, 
pp. 282-288. 
[23] Ivanoff C. J., and Widmark G. (2001). Nonresorbable ver-
sus resorbable sutures in oral implant surgery: a prospective 
clinical study. Clin. Implant. Dent. Relat. Res., 3, pp. 57-60. 
[24] Sortino F., Lombardo C., Sciacca A. (2008). Silk and poly-
glycolic acid in oral surgery: a comparative study. Oral 
Surg., Oral Med., Oral Pathol., Oral Radiol., Endod., 105, 
(3), pp. 15- 18. [25] Muglali M., Yilmaz N., Inal S., Guvenc 
T. (2011). Immunohistochemical comparison of indermil 
with traditional suture materials in dental surgery. J. Cra-
niofac. Sur., 22, (5), pp. 1875-1879. 
[25] Selvi F., Cakarer S., Can T., Kirli Topcu S. I., Palancioglu A., 
Keskin B., Bilgic B., Yaltirik M., Keskin C. (2016). Effects of 
different suture materials on tissue healing. J. Istanb. Univ. 
Fac. Dent., 12, 50, (1), pp. 35-42. 
[26] Lilly G. E., Cutcher J. L., Jones J. C., Armstrong J. H. (1972). 
Reaction of oral tissues to suture materials. Oral Surg., 
Oral Med., Oral Pathol., 33, pp. 152-157. 
[27] Moy R. L., Waldman B., Hein D. W. (1992). A review of su-
tures and suturing techniques. J. Dermatol. Surg. Oncol., 
18, pp. 785-795. 
[28] Blomstedt B., Osterberg B., Bergstrand A. (1977). Suture 
material and bacterial transport. An experimental study. 
Acta Chir. Scand., 143, pp. 71-73. 
[29] Bennett R. G. (1988). Selection of wound closure materi-
als. J. Am. Acad. Dermatol., 18, pp. 619-637. 
[30] Pillai C. K. S., Sharma C. P. (2010). Review paper: Ab-
sorbable polymeric surgical sutures: Chemistry, produc-
tion, properties, biodegradability, and performance. J. 
 Biomater. Appl., 25, pp. 291-366. 
[31] Villa O., Lyngstadaas S. P., Monjo M., Satué M., Rønold 
H. J., Petzold C., Wohlfahrt J. C. (2015). Suture materials 
affect peri-implant bone healing and implant osseointe-
gration. J. Oral Sci., 57, pp. 219-227.
